Introduction
We recently reported [1] the structure and the physical properties of the highly conducting "phenazine -doped" 5,10-dihydro -5,10-dimethylphenaziniumyl, (M2P + )-2,2'-(2,5-cyclohexadiene-l,4-diylidene-bispropanedinitrilate (TCNQ -), M2P0.5/ P0.5/TCNQ". Its structure and its physical properties turned out to be strikingly similar to those of the famous NMP-TCNQ (NMP = 5-methylphenazinium) but very different from the parent compound M2P-TCNQ [2, 3] . The former "metallic" compound seems to be a "singularity" in the 1:1 charge transfer (CT) complexes between nitrogen-heterocycles as donors and TCNQ and its derivatives as acceptors [4] , All other phenazine-TCNQ CTcomplexes have structures very different from NMP-TCNQ and different physical properties. Especially noteworthy is the structural contrast between the chemically closely related NMP-TCNQ and its ethyl derivative NEP-TCNQ (NEP+ = 5-ethylphenazinium ion). The latter species crystallizes in a "mixed stack" arrangement with long carbon-carbon cr-bonds between TCNQ -ions of adjacent stacks [5] . The bonds can be broken by thermal activation [6] . Consequently the question arose whether doping of the ethyl derivative E2P-TCNQ would lead to a NMP-TCNQ type or a NEP-TCNQ type structure. We therefore prepared E2P-TCNQ and a phenazine-doped phase and report here the structures of this pair of chemically related solids.
Experimental

Preparation
1.1. 5,10-Dihydro-5,10-diethylphenazine (E2P) : E2P was obtained analogously to the procedure of Gilman and Dietrich [7] . E2P-TCNQ can be prepared analogously to Melby [8] by mixing hot concentrated solutions of equimolar amounts of the neutral compounds in absolute acetonitrile.
EzPTCNQ (I):
Suitable single crystals of (I) were obtained by a diffusion method [9] . 300 mg of solid E2P were placed in one compartment of a H-shaped diffusion cell and 3 ml CS2 were added. In the other compartment of this cell the same amount of finely powdered solid TCNQ was deposited. The whole tube was then filled carefully with absolute acetonitrile. The slightly greenish color of the solution which appears immediately after mixing in the upper part of the tube develops into a dark green with ongoing diffusion. After 6 days black-violet needles up to 22 mm long were filtered off, washed several times with toluene, ethylacetate and diethylether and dried at 80 °C. The compound was characterized by elemental analysis and IR spectra.
E2P-P-(TCNQ)2 (II):
Suitable crystals of (II) were obtained by a very similar diffusion experiment. Instead of the pure acetonitrile a satu-rated solution of neutral phenazine in absolute acetonitrile was used as diffusion medium. Black, needle-shaped crystals with a blue lustre and up to 22 mm in length grew within one week.
X-ray investigations
For both compounds approximate unit cell parameters were determined from Weissenberg photographs. The accurate values were calculated from the setting angles of 22 reflections (I) and 25 reflections (II) centered on a diffractometer (Syntex R3, monochromatic MoKa radiation). Data collection [0-2 0 scans background-peak-background, 2 0 < 60° for (I) and <50° for (II)] yielded 1880 observed reflections for (I) and 1206 observed reflections for (II), regarding reflections with I >0.5 o (I) as unobserved. Empirical absorption corrections (y scans) and corrections for Lorentz and polarization factors were carried out.
Calculations were performed on a Nova 3 computer, plots for (II) were drawn on a Tektronix plotter. The program package was SHELXTL [10] . ORTEP [11] was used for the plots of (I).
Structure solution and refinement: (I):
The systematic extinctions showed the space group to be P2i/c. The structure was solved by direct methods. Isotropic refinement by "cascade matrix" least squares gave R = 0.144. A difference map revealed all the H positions. Final refinement with isotropic temperature factors for H and anisotropic ones for C and N resulted in weighted (unweighted) R = 0.066 (0.116). The weighting scheme was w = l/o 2 
(F). (II):
The structure could be solved by direct methods, assuming space group PT. Calculating in PI gave an even worse result than that described below. The structure did not refine reasonably, the best weighted (unweighted) R was 0.165 (0.193) with isotropic temperature factors and calculated positions for the H atoms attached to the rings.
Description of the structure:
Atomic coordinates of (I) are listed in Table I . The numbering scheme, bond distances and angles are shown in Figs. 1 and 2. Bond distances to H range from 0.82(5) to 1.15(5) A. The TCNQ-anion is practically planar. Calculations of the planes through the two C-(CN)2 groups of the TCNQyielded angles between this planes and the ring plane of 1.0° and 2.9° respectively. The E2P+ cation is folded along the N-N line, the dihedral angle between the two halves is 12.7°. The two ethyl groups are bent to the same side of the plane of the cation. Cations and anions are arranged in mixed stacks along c (Fig. 3) , such that one ring-plane through (C(l) to C (6) , N(l) and N(2)) is nearly parallel to TCNQ -(angle to TCNQ-plane: 2.6°) and nearer to one TCNQ -(distances to neighboured TCNQ-are 3.10(7) and 3.99(8) Ä respectively). The other ring plane (through C(7) to C (12) , N(l) and N(2)) forms an angle of 10.6° with the TCNQ--plane (Fig. 3) . The two possible overlaps of TCNQ-and E2P® are shown in Fig. 4 . Fig. 5 shows a projection of two stacks on the 6c-plane. For (II) the refinement was not successful, which manifests itself in the high R factor and in the large scatter of bond distances and angles, C-C distances ranging from 1.20 to 1.85 Ä and angles from 98 to 143°. We therefore feel that there is no use in giving the atomic coordinates. Yet we think that the basic features of the structure are correct. The failure of the refinement is probably caused by sort of a superstructure problem: Reflections with h or 1 odd are rather weak indicating that the structure is mainly characterized by a subcell with half the values of a and c.
The asymmetric unit of the "supercell" consists of four halves of centrosymmetric TCNQ species with their centers of gravity at the crystallographic inversion centers 0, 0. (2) . This means that segregated stacks of cations and anions parallel to a are formed, and that the repeat distance along the stacks comprises two molecules. Nevertheless symmetry causes the TCNQ stacks to be regular (equal interplanar distances within a stack), and the stacks of the phenazine species are regular as well (within the accuracy of the atomic positions). The molecular planes within each stack are practically parallel. So we interpret the fact that a is not half as long by the alternating sequence of E2P 4 " and phenazine along the phenazine stacks, implying the E2P: phenazine ratio being 1:1. Yet we were not able to resolve that sequence, and we found a statistical distribution of E2P and phenazine. So our model of the compound is: there is long range order along the E2P/phenazine stack causing the length of a, but at some places the E2P/phenazine sequence is broken by an E2P-P-P-E2P "kink", interchanging E2P and phenazine. This would explain the average statistical occupation of E2P and phenazine sites found for the whole crystal (X-ray data collected for a second crystal gave the same result, and diffuse X-ray scattering was not detected on routine photographs).
A projection of the structure onto the be plane is shown in Fig. 6 . (For plotting purposes the hexagonal rings have been "idealized", and the statistically occupied ethyl groups are indicated by dotted lines.) For sterical reasons it is not possible that the two phenazine species adjacent along c are both E2P. As such an arrangement is implied by symmetry, this must be a consequence of the disorder in the E2P-phenazine stacks mentioned above, and if the species around 0, 0, 0.25 is E2P, the one around 0, 0, 0.75 must be phenazine. (Chosing another origin to remove this problem did not give better results). Hence the "kink" in the phenazine stack has to be caused by a slight excess of phenazine, as an excess of E2P would mean that there are adjacent E2P ions which hinder themselves.
The molecular overlap in the TCNQ stacks is slightly different, resulting in the "superstructure The exocyclic double bond of a molecule lies over the quinoid double bond of the adjacent one, as it has been detected in two other TCNQ compounds so far [12, 13] .
Due to the inaccuracy of the structure the calculation of least squares planes, interplanar distances and angles seems not reasonable.
Discussion
The structure of (I) is indeed very similar to the one reported for the dimethyl analog, M2P-TCNQ
[2]-
The TCNQ units in both cases are practically planar and only slightly bowed. The bending of the E2P units in the N-N axis again leads to partially sp 3 -hybridized N atoms and a kind of "dimerization" along the mixed stacks. The "overlap" patterns between the bent E2P and the planar TCNQ species (Fig. 4) are only sligthly different from those in M2P-TCNQ (Fig. 3 in ref. [2] ).
But the two close mfrastack approaches in (I) are 3.10(7) Ä and 3.99(8) Ä compared to 3.22 Ä and 3.54 Ä in M2P-TCNQ, suggesting more pronounced alterations of exchange interactions along the mixed stacks in (I). The activation energy for triplet excitations [3] should be higher in (I), therefore.
Though planar and bent M2P units have been found recently in different compounds [1, 2, [14] [15] [16] all so far investigated E2P complexes contain a planar phenazine unit [15, 17] .
(I) is the first example of a bent E2P species and the question of molecular configuration related to the amount of charge on the phenazines arises again [1, 16] .
To summarize the comparison between (I) and M2P-TCNQ, one can state, that the substitution of the methyl by ethyl groups in this material leads to only minor changes in structure and physical properties.
The differences are more pronounced by comparing (II) with its dimethyl analog, M2P-P-(TCNQ)2 [1] . Though phenazine doping again leads from the pure mixed stacked compounds to segregated stacks in the doped material the structures are different for (II) and M2P-P-(TCNQ)2 with respect to a few but important details: (i) There are two crystallographic different TCNQ stacks in (II). This fact and the different "overlaps" along the TCNQ stacks raises the question of charge distribution: theoretically the negative charges could be fully concentrated on one of the stacks with one negative charge per TCNQ -unit leaving the other chain neutral.
(ii) There exist pronounced one-and three-dimensional correlations presumably caused by the bulkiness of the ethyl groups. An E2P molecule in one stack allows only a phenazine molecule as a direct neighbor in the next parallel stack. This additionally causes one-dimensional ordering. E2P and P units alternate systematically along one donor stack with the exception of the "kinks" mentioned above.
This "ordering" might explain the different physical properties of (II) compared to the "disordered" M 2 P-P-(TCNQ)2: The room-temperature conductivity of (II) is somewhat lower (6-9 ßcm-i • cm-i) compared to M 2 P-P-(TCNQ)2 (80-95 Q~l • cm -1 ) and thermally activated below 300 K while M2P-P-(TCNQ)2 has a metallic regime between 300 and 200 K [18, 19] . In accordance with these conductivity data is the higher magnetic susceptibility for (II) (^exp = + 9,88 • 10 4 emu/mole at room temperature) compared to the data on M2P-P-(TCNQ)2 (*exP = +6,43 • 10 4 emu/mole at room temperature) [18] .
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